. These studies clearly demonstrate the different microvascular patterns of the seminiferous tubules in rodents (rat, mouse) and men. While rodents have straight parallel running seminiferous tubules, those in men are convoluted. Accordingly, rodent seminiferous tubules are accompanied by about six intertubular vessels which are interconnected by peritubular capillaries forming a rope-ladder-like pattern. In contrast, convoluted human seminiferous tubules are ensheathed by an irregular capillary network. In men, inter-and peritubular capillaries cannot be discerned with certainty. However, in both cases peritubular and intertubular vessels are shared by adjacent tubules. Murakami et al. (1989) proposed that in the rat, intertubular capillaries supply the Leydig cells whereas peritubular capillaries supply the seminiferous tubules.
Considering the role of the microvasculature as supply and exchange routes during changing metabolic and regulatory demands in the reproductive cycles, a detailed knowledge of the testicular microvasculature may help to better understand normal and pathologic testicular functions.
Our study applies the powerful technique of scanning electron microscopy (SEM) of vascular corrosion casts (Aharinejad & Lametschwandtner, 1992; Lametschwandtner, Lametschwandtner, & Weiger, 1990; Motta, Murakami, & Fujita, 1992; Murakami, 1971 ) and gives to our knowledge the first detailed analysis of the testicular microvascular anatomy in an anuran amphibian in correlation with histomorphology. In cast analyses, we use the characteristic endothelial cell nuclei imprints on cast surfaces to clearly differentiate arteries from veins (Miodonski, Hodde, & Bakker, 1976) . In SEM micrographs, arteries (in red) and veins (in blue) are coloured accordingly to facilitate recognition of vessel nature, course and patterns. We show that in Xenopus laevis seminiferous tubules are convoluted like those in men (Suzuki & Nagano, 1986) and share some other microvascular features with man.
| MATERIALS AND METHODS

| Animals
Thirteen adult animals (body weight: 34-109 g, snout-vent length [SVL]: 6-10.5 cm) of the pipid frog, X. laevis Daudin, 1802 were examined. Adults were housed in aquaria (tap water depth: 15 cm) equipped with aquarium filters and fed twice a week with either dried Gammarus pulex or ground beef heart.
| Histomorphology
One animal (body weight: 77 g, SVL: 8.0 cm) was euthanized by immersion into an aqueous solution of MS 222 (0.5%). After weighing, the animal was pinned in supine position on a wax plate. The heart with bulbus cordis and truncus arteriosus was exposed by thoracotomy, and a ligature was placed around the bulbus cordis. Next, the ventricle was cut open and a blunted vein flow G19 (Braun, Melsungen, FRG) was inserted through the opened ventricle into the truncus arteriosus guided by a micromanipulator. Subsequently, the blunted needle was tied in place with a ligature from thread to ensure its stability during the subsequent rinsing and fixing processes. Finally, the sinus venosus was cut open to allow efflux of blood and rinsing with amphibian Ringer solution (Adam & Czihak, 1964) was started. The flow rate of the infusion pump (Habel, Vienna, AT) was set to 40 ml/hr. When clear reflux drained from the opened sinus venosus, fixation with 10 ml Bouin's solution (Adam & Czihak, 1964) was started with the same flow rate. The fixed testes were then excised, dehydrated and embedded in paraplast. One testis was cut transversely, and the other was cut longitudinally (7 µm). Sections were stained according to Goldner (Adam & Czihak, 1964) and analysed using an Olympus X51 microscope. Images were recorded by a Color View IIIu digital camera (Soft Imaging Systems, Germany). If necessary, brightness and contrast of the images were adjusted using Photoshop 7.0 (Adobe Inc., Redwood, CA).
| Vascular corrosion casting
Ten adult X. laevis (body weights: 34-109 g, SVL: 6.5-10.5 cm) were studied. For euthanasia and rinsing, see section Histomorphology. When clear reflux drained from the opened sinus venosus 10 ml of Mercox CL-2B (Dainippon Ink and Chemicals, Tokyo, Japan; Ladd Burlington, Vermont, USA) diluted with monomeric methylmethacrylate (4 + 1, v + v, 10 ml monomeric methylacrylate contained 0.85 g initiator paste MA) were injected with the infusor pump (see Histomorphology) at a flow rate of 41 ml/hr. When the effluent resin became viscous or the whole amount of resin had been perfused, the injection was stopped and the animals were left for about 30 min at room temperature to allow hardening of the injected resin. Animals were then put into a water bath (60°C; 12-24 hr) to temper the injected resin. Next, specimens were macerated in potassium hydroxide (7.5%; 40°C; 24 hr), rinsed three times in distilled water, submerged in 2% hydrochloric acid and again rinsed three times in distilled water followed by submersion in formic acid (5%; 20°C; 5-15 min) to dissolve any residual organic matter adhering to the cast surfaces. Finally, specimens were rinsed three times in distilled water and were frozen in fresh distilled water. Ice-embedded casts were freeze-dried in a Lyovac GT2 (Leybold-Heraeus, Cologne, FRG). Kidneys with testes in situ were excised and mounted onto specimen stubs using the "conductive bridge method" (Lametschwandtner, Miodonski, & Simonsberger, 1980) , either evaporated with carbon and gold and/or sputter-coated with gold, and finally | 3
Lametschwandtner and minnich examined in a scanning electron microscope XL-30 (FEI, Eindhoven, NL) at an accelerating voltage of 10 kV.
In some specimens, the course, branching patterns and areas of supply (or drainage) of individual testicular vessels were exposed by manually removing overlaying vessels under binocular control with fine-tipped insect pins.
| RESULTS
| Histomorphology
The testes of adult X. laevis were ovoid-shaped endocrine organs which were located at the cranio-ventral surface of the kidneys. Left and right testes slightly differed in size. Testes consisted of convoluted seminiferous tubules, an interstitium and a thin connective tissue capsule (tunica albuginea) that covered the testes (Figure 1 ). Seminiferous tubules contained cysts with synchronously differentiating germ cells ranging from spermatogonia to bundles of spermatozoa ( Figure 2 ). The interstitium between semininferous tubules contained connective tissue, scattered smooth muscle cells, endocrine Leydig cells, blood vessels, lymphatic vessels and intratesticular spermatic ducts (Figures 2 and 3 ). Spermatic ducts consisted of a squamous epithelium, a layer of smooth muscle cells and a thin layer of connective tissue (Figures 2 and 3, inset). Seminiferous tubules discharged spermatozoa into the spermatic ducts ( Figure 3 ). Spermatic ducts joined repeatedly and finally left the testes as efferent spermatic ducts (=vasa efferentia; Figures 1 and 4 ).
| Vascular anatomy
| Arterial supply
The arterial supply of the testes was provided via urogenital arteries that branched off from the midventral surface of the dorsal aorta. In the scanning electron microscope (SEM), cast arteries could be easily identified. They displayed characteristic elongated endothelial cell nuclei imprints on their surface, which were orientated in parallel to the longitudinal axis of the artery ( Figure 5 Figure 9 , inset) as did larger branches that descended into the testicular parenchyma ( Figure 10 , inset a). In the parenchyma, testicular arteries branched in all directions ( Figure  11 ). They had straight sections for only short distances and often changed directions. Locally, they revealed trifurcations ( Figure 11 , inset a) or even gave off small branches that quickly transformed into capillaries (Figure 11 , inset b). Branches often showed intimal cushions at their origin from the parent vessel ( Figure 10, inset b) . In rare cases, arterio-arterial anastomoses were present ( Figure 12 ). Locally, arteriolar-venular anastomoses were found (Figure 9 , arrowheads).
| Microvasculature
Testicular arterioles capillarized to form a wide-meshed capillary network around the convoluted seminiferous tubules. Intertubular and peritubular capillaries could not be discerned reliably. Adjacent tubules shared a single-layered capillary meshwork (Figures 11-14) . Arterio-venous transition distances, that is, free capillary lengths, were generally rather short (Figure 14 , dashed line).
| Venous drainage
Capillaries of the seminiferous tubules joined to form small venules which generally run towards the testicular surface.
In the SEM cast, venous vessels could be easily differentiated from arterial ones by their roundish to oval endothelial cell nuclei imprints which had a random orientation (Figure Lametschwandtner and minnich 5, inset e). Moreover, veins could also be recognized by their specific branching (merging) patterns. Veins of different calibres emptied within a short distance into the draining mother vessel. On their course, intratesticular veins gradually increased in size and finally drained into large veins located beneath the tunica albuginea (Figures 9-15 ). Subalbugineal veins formed a venous plexus which revealed veno-venous anastomoses of different calibres ( Figure 15 ) and lengths (Figure 15, inset a) . Locally, veins showed signs of the ongoing intussusceptive angiogenesis (Figure 15 , inset b). Veins also displayed local outpouchings ( Figure  15 , inset c). Testicular veins finally departed from the dorsal surface of the testes, ascended along the mesorchium and drained into the posterior caval vein (Figures 5-7) . 
| DISCUSSION
Xenopus laevis increasingly serves as an in-vitro and in-vivo model for the screening of Endocrine Disruptor Chemicals (EDCs) that affect hypophysis and thyroid glands as well as gonads, and as a model animal species to study reproductive toxicity of phytoestrogens (Cong et al., 2006) . For these reasons, gonadal histomorphology (Cevasco et al., 2008; Kalt, 1976) and histochemistry (Valbuena et al., 2012 (Valbuena et al., , 2010 Valbuena, Alonso, Diaz Flores, et al., 2011; Valbuena, Alonso, Madrid, & Diaz Flores, and Saez, 2011b) are well documented in adult Xenopus. However, only one of the above-mentioned studies has paid attention to the testicular blood vessels (Cevasco et al., 2008) . The authors described numerous small blood vessels in the testicular stroma (=interstitium) of three to four years old healthy (=control) Xenopus, but did not further categorize them into arterial, capillary and venous vessels. After in-vivo exposure of Xenopus with ethinylestradiol, tamoxifen, methyldihydrotestosterone or flutamide (all 10-8 M; all (anti-) oestrogenic and (anti-) androgenic compounds), ethinylestradiol only caused enlarged blood vessels in the testicular stroma. All other compounds caused no changes in the morphometry of blood vessels.
All studies cited above-excised testes and fixed them by submersion in the fixative. Dimensions of vascular profiles displayed in stained tissue sections most likely will be underestimated as an opening of the blood vessels, when excising the testes, will lead to an intravasal pressure drop. Furthermore, the tunica albuginea, though relatively thin, forms a rigid confinement and even a slight hypotonic fixative could cause swelling of seminiferous tubules leading to compression of interstitial (=stromal) blood vessels. As we rinsed the testicular vascular bed with Amphibian Ringer solution (Adam & Czihak, 1964) by vascular perfusion and then fixed testes the same way with Bouin's fluid, blood vessels are most likely fixed in the in-vivo condition preserving vascular profiles. Vascular perfusion rinses blood from blood vessels, keeps the profiles of blood vessels in their in-vivo state making observation of blood vessels in stained tissue sections easier and more reliable compared to sections obtained from ex-vivo immersion fixation.
Our study shows that in adult Xenopus seminiferous tubules are as convoluted similar to seminiferous tubules in humans. In both frog and men, seminiferous tubules are ensheathed by an Lametschwandtner and minnich irregular capillary network. A rope-ladder-like vascular pattern as found in the rat seminiferous tubules (Murakami et al., 1989) is absent in adult Xenopus. A clear distinction between intertubular and peritubular capillaries cannot be drawn.
In their study on the microvasculature of the human testes and excurrent duct system, Suzuki and Nagano (1986) mentioned that "arterioles project short branches in various directions, which establish individual connections with only a few capillaries and then continue to venules". In Xenopus, we encountered a similar situation with few arterioles feeding the capillary network, but with many venules draining it. In our specimens, locally rather short arteriolar-venular transition distances were present. Like in the rat, arteriolo-venular capillary channels (Murakami et al., 1989) and arterio-venous anastomoses were also present in adult Xenopus.
In vascular casts of the rat testes, Weerasooriya and Yamamoto (1985) found "marked constrictions or endothelial protrusions at the origins of the radiate arteries and their branches". We also found these structures in our specimens and think that the constrictions most likely represent muscular sphincters while the endothelial protrusions represent intimal cushions. Interestingly, Murakami et al. (1989) in their excellent study did not detect these structures. They explained the lack of these structures in their casts by the "thorough injection of resin" done. The authors argued that a "complete resin injection extraordinally expands the blood vessels, and inhibits the casting of vascular contractions and endothelial protrusions".
Interestingly, none of the studies cited above described the signs of sprouting or non-sprouting angiogenesis in the testes studied. In our specimens, we found both types of angiogenesis, whereby sprouting angiogenesis was rather rare whereas non-sprouting angiogenesis with its facets, that is, intussusceptive branch remodelling and intussusceptive pruning (Burri, Hlushchuk, & Djonov, 2004) occurred quite often in subalbugineal veins. Because in Xenopus spermatogenesis happens throughout the year under laboratory conditions angiogenesis is required to enable an adequate blood supply for the spermiogenic active testes.
